The type material of Achnanthidium lanceolatum (transferred in 1999 to the genus Planothidium) is investigated to reveal the identity of several Planothidium populations from the Antarctic Region. The morphology and the ultrastructure was analysed using light and scanning electron microscopy. The results of this analysis revealed the presence of two so far undescribed Planothidium species in the investigated Antarctic material. Both species are described as new to science: P. rostrolanceolatum Van de VijVer, KopaloVá et zidaroVa sp. nov. and P. subantarcticum Van de VijVer et c.e.Wetzel sp. nov. The new species can be differentiated based on differences in valve outline and the shape and size of the central area. Planothidium lanceolatum is formally lectotypified. Notes on the ecology and distribution of the new Antarctic species are added.
introduction Achnanthidium lanceolatum was originally described in 1846 [and not in 1849 [and not in : see lange-Bertalot (1999 ] by Kützing based on material that louis alphonse de BréBisson sent him from Falaise, a city situated near Caen, Calvados department, Basse-Normandie region, north-western France. The species is often referred to as A. lanceolatum BréBisson ex Kützing since Kützing in 1849 added 'De Brébisson in litt.' . In the original text (Kützing 1846 ), the species is described as "A. a latere secundario apicibus obtusis, , an Achnanthidium with an elliptic-lanceolate secondary side and broadly rounded apices. Length 16 μm. According to lange-Bertalot & Krammer (1989) , showing four light microscopy pictures of the type material ("Typenmaterial, Coll. Eulenstein, Species originale 61, Falaise/ Frankreich") , there is no controversy about the identity of the species due to the presence of the type material. The original Kützing material was conserved in two places: the British Museum in London and the Van Heurck Collection (formerly in Antwerp, Belgium, now at the National Botanic Garden in Meise, Belgium) (cox 1995) . moss & carter (1982) showed the first SEM images illustrating two internal valves of the type material, prepared from the material present in the British Museum [Kützing Collection n°1237 (BM18442) ]. In the latter paper, a clear distinction was made in the terminology of the characteristic horseshoe in the central area. In the group of species around P. lanceolatum (BréBisson ex Kützing) lange-Bertalot, the horseshoe shaped structure is a simple depression, called a 'sinus' whereas in other taxa [in the group of P. frequentissimum (lange-Bertalot) lange-Bertalot], a hollow chamber covers the horseshoe shaped structure in the valve interior for which the name 'cavum' was used (moss & carter 1982) .
Since the original description, almost a hundred infraspecific taxa (subspecies, varieties and formas) have been described to separate lanceolatum-populations with differences in valve outline or structure of the horseshoe-shaped spot in the central area (Fourtanier & KocioleK 2011) . Unfortunately, a thorough study of the type of Achnanthidium lanceolatum was never published. The species was transferred several times to different genera. grunoW placed the species within the genus Achnanthes in 1880 (cleVe & grunoW 1880). When the catch-all genus Achnanthes was split in a large number of (usually newly described) genera (Bu- KhtiyaroVa & round 1996; round & BuKhtiyaroVa 1996) , two new genera were erected almost simultaneously for the species-complexes of A. lanceolata and A. delicatula (Kützing) grunoW; Planothidium round & BuKhtiyaroVa and Achnantheiopsis lange-Bertalot (round & BuKhtiyaroVa 1996; lange-Bertalot 1997) . Based on the priority rule, the latter can only be considered as a synonym of Planothidium. The original transfer of A. lanceolatum to Planothidium in 1996 by round & BuKhtiyaroVa was declared invalid based on the absence of the publication of the basionym, which was rectified by lange-Bertalot in 1999.
During a survey of the freshwater diatom flora in the Antarctic Region, large Planothidium populations from various Antarctic and sub-Antarctic localities were identified as Achnanthes lanceolata or Planothidium lanceolatum. Kellogg & Kellogg (2002) the method described in Van der WerFF (1955) . In total 26 samples were examined (Table 1) . Subsamples of the original material were oxidized using 37% H 2 O 2 and heating to 80 °C for approximately 1 h. The reaction was further completed by the addition of KMnO 4 . Following digestion and centrifugation (three times 10 minutes at 3700× g), the material free of organic matter was diluted with distilled water for sample mounting to avoid excessive concentrations of diatom valves and frustules on the slides. A subsample from the organicfree material was mounted in Naphrax ® for diatom community studies. The slides were analyzed using an Olympus BX51 microscope, equipped with Differential Interference Contrast (Nomarski), and the Colorview I Soft Imaging System. For scanning electron microscopy (SEM), parts of the oxidized suspensions were filtered and rinsed with additional deionized water through a 3-µm Isopore™ polycarbonate membrane filter (Merck Millipore). Filters were mounted on aluminum stubs and coated with platinum using a BAL-TEC MED 020 Modular High Vacuum Coating System for 30 s at 100 mA. An ultra-high-resolution analytical field emission (FE) scanning electron microscope Hitachi SU-70 (Hitachi High-Technologies, Europe, GmbH) operated at 5 kV and 10 mm distance was used for the analysis. SEM images were taken using both upper (SE-U) lower (SE-L) detector signal. Micrographs were digitally manipulated and plates containing light and scanning electron microscopy images were created using CorelDraw X5®. Diatom terminology follows ross et al. (1979) 
Scanning electron microscopy (Figs 108-114):
Striae of the rapheless valve composed of three rows of small rounded poroids, the inner row being much smaller than the two outer rows (Figs 108-109 ). Near the central area, striae often with only two rows or three rows, the middle one being reduced to a few areolae (Fig.  109) . Striae continuing shortly on the valve mantle (Fig. 109) . Striae of the raphe valve broader than the virgae, composed of four rows of rounded areolae , near the central area of only three rows of areolae (Fig. 111) . Striae clearly sunken between raised virgae . Areolae covered by individual perforated hymenes (Fig. 113) . Proximal raphe endings straight terminating in expanded pores (Figs 110-111 ). Distal raphe fissures clearly bent, continuing shortly onto the valve mantle (Fig. 110) . Internally, central nodule raised (Fig. 114) . Proximal raphe endings deflected to opposite sides, terminating inconspicuously (Fig. 114) . Distal raphe endings terminating on faint helictoglossae, shortly continuing on the valve mantle. Irregular shallow depressions present in the central and axial area (Figs 108-109 ). Horseshoe-shaped sinus clearly present on the rapheless valve, forming a shallow circular depression on one side of the central area (Fig. 112) . Byers Peninsula (Livingston Island) were found living epilithically in several smaller rivers and brooks with an almost circumneutral to slightly alkaline pH (7.5) and low specific conductance levels (75-100 µS.cm (Figs 85-95) : Axial area narrow, ca. 1/8 of total valve width, linear, very slightly widening towards the central area. Central area with a large horseshoe-shaped hyaline area on one side. On the other side, striae usually not shortened, in some specimens 1-2 slightly shortened striae forming hence a very small circular area. Striae weakly radiate almost throughout the entire valve, becoming more radiate near the apices, 13-14 in 10 µm. Raphe valve (Figs 96-107) : Axial area narrow, less than 1/7 of total valve width, clearly linear, gradually widening towards the central area. Central area rectangular to bow-tie shaped bordered on, each side by 2-6 clearly shortened striae. Real fascia never present. Raphe branches straight with straight to weakly deflected expanded proximal endings. Distal raphe fissures unilaterally deflected, hard to observe in LM. Striae distinctly radiate throughout the entire valve, 13-14 in 10 µm. Areolae not discernible in LM.
Scanning electron microscopy (Figs 115-121):
Proximal raphe endings undulating, weakly deflected terminating in expanded pores (Figs 117-118) . Distal raphe fissures clearly bent, continuing shortly onto the valve mantle (Fig. 117) . Striae of the rapheless valve always composed of three rows of small rounded areolae (Fig. 116) , occasionally fourth row of small areolae near the valve margin inserted in each stria (Fig. 115) . Areolae of equal size. Striae continuing shortly on the valve mantle (Fig. 115) . Striae of the raphe valve broader than the virgae (Fig. 117) , composed of four rows of rounded areolae, near the central area only three rows of areolae per stria present (Fig. 118) . Striae broader towards the apices. Internally, central nodule raised (Fig. 121) . Proximal raphe endings deflected to opposite sides, terminating inconspicuously (Fig. 121) . Striae clearly sunken between raised virgae. Areolae covered by individual perforated hymenes (Fig. 119) . Irregular shallow depressions present in the central and axial area (Fig. 115) . Horseshoe-shaped sinus clearly present, forming a shallow circular depression on one side of the central area (Fig. 119) . Girdle composed of several open copulae (Fig. 120) .
Holotype (designated here): BR-4308 (National Botanic Garden, Meise, Belgium) Isotypes (designated here): PLP-223 (University of Antwerp, Belgium), BRM-ZU8/100 (Hustedt Collection, Bremerhaven, Germany) Type locality: Pointe de Bougainville, Ile de la Possession, Crozet Archipelago, sample BM173 (Leg. B. Van de Vijver; coll. date 24/12/1997). Etymology: The specific epithet refers to the sub-Antarctic region where the species is abundantly present on all investigated localities.
Ecology and distribution:
The new species is present on three islands in the southern Indian Ocean (Prince Edward Islands, Iles Crozet and Iles Kerguelen) and was reported under the name Achnanthes lanceolata var. lanceolata (Van de VijVer et al. 2001 ) or P. lanceolatum (Van de VijVer et al. 2002 . It was abundantly found living epiphytically on wet to semi-wet mosses sampled in a wide variety of alkaline habitats ranging from small pools to lakes and rivers and in wet soils with a mean pH of 7.7 and a specific conductance range from 60-2000 µS.cm -1 . Accompanying (sub-) dominant taxa include P. cyclophorum (heiden) Van de VijVer, Navicula gregaria donKin and Fragilaria capucina s.l. desmazières.
discussion
And although the correct identity of Planothidium lanceolatum has already been known for a long time, the species was rarely identified correctly in the Antarctic Region. Almost all records of P. lanceolatum in the Antarctic Region should be considered as a clear example of force-fitting these populations into European or North-American names (tyler 1996 (tyler ). Only in oppenheim (1994 Figs 40-45, 75-78) some valves were shown, recorded on Signy Island (South Orkney Islands), that without doubt belong to P. lanceolatum with lanceolate valves and clearly broadly rounded apices. Similar valves have never been observed in the investigated material from South Georgia, Livingston Island or James Ross Island. A careful comparison of the morphological features of the type of Achnanthidium lanceolatum and the Antarctic populations reveal sufficient differences to exclude conspecificity. Planothidium rostrolanceolatum was identified by Ko-Bayashi (1965) as Achnanthes lanceolata var. lanceolata f. dubia (grunoW) ts.KoBay. Analysis of illustrations of the lectotype of the latter taxon in Krammer & lange-Bertalot (1991; plate 42, figs 7-8) confirms that this identification cannot be accepted since the latter has a clearly elliptical valve outline with very short, acutely rounded, protracted apices, contrary to P. rostrolanceolatum that has gradually tapering apices. However, conspecificity between P. rostrolanceolatum and the Antarctic populations reported by Ko-Bayashi (1965) P. subantarcticum has a slightly smaller central area whereas in P. rostrolanceolatum, more central striae are shortened enlarging the central area. The ultrastructure of the proximal raphe endings also presents some differences with a more undulating course in P. subantarcticum whereas in P. rostrolanceolatum, these proximal endings are straight. The striae in P. rostrolanceolatum are generally less radiate than in P. subantarcticum, although no difference in stria density or structure can be observed. The latter is not surprising since a lot of Planothidium taxa show a similar stria structure with only 3-4 rows of small areolae, the inner ones, usually smaller than the outer rows (lange-Bertalot & Krammer 1989) .
The question is however whether these two taxa really represent independent species or whether they represent a rather broad phenotypic plasticity of only one species. Nevertheless, the past few years, it became more and more clear that diatom present a high degree of cryptic and semi-cryptic diversity. Recently, sou- FFreau et al. (2013) revealed the presence of seven different lineages within Pinnularia borealis ehrenBerg whereas based on classical morphological research, it was impossible to separate these seven morphotypes from each other. Similar studies were published by Beszteri et al. (2005) on Cyclotella meneghiniana be identified as P. rostrolanceolatum. Another species that showed some similarities is P. cyclophorum, usually reported under the name of P. lanceolatoides (soVereign) lange-Bertalot. However, the larger valve width and the clearly elliptical valve outline of the latter clearly separate both taxa. Planothidium rhombicuneatum lange-Bertalot et rumrich, described in rumrich et al. (2000) from the Chilean Altiplano, has clearly convex margins from the valve center up to the apices lacking the typical shoulders as is the case in P. rostrolanceolatum.
Planothidium subantarcticum and P. rostrolanceolatum can be separated based on several morphological features, although they have a similar valve width. Both taxa differ in valve outline with P. rostrolanceolatum showing more elongated, protracted apices where in P. subantarcticum, the apices are less differentiated from the rest of the valve. The central area in P. rostrolanceolatum is generally more developed than in P. subantarcticum due to the shortening of several central striae whereas in P. subantarcticum, the central area is much less developed and in some specimens even absent. Due to its longer valves, P. subantarcticum always shows a more slender outlook whereas P. rostrolanceolatum is sturdier due to the presence of the more pronounced shoulders. The raphe valve in 
